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SOIL LOOSENINGPROCESSESFOLLOWINGTHEABANDONMENT
OFT\VO ARID WESTERNNEVADATOWNSITES

Paul A. Kiiapp

ABSTRACrr. —Soil compaction was measured at four sites within two abandoned mining camps in the western CIreat Basin

Desert, Ne\ada. Bulk densitv* and macroporositv xiilues were generated from soil samples collected in areas ol different

liuid use intensities in camps that had been abandoned for approximatek- 70 \e;irs. Results show that significant differences

remain in bulk density values bet^\'een abandoned roads and undisturbed areas in both towiis, and that the areas around

foundation peripheries ;u"e still signifkiuitK' more compacted in one towai. There were no significant differences between

liuid use groups as measured bv macroporositv. Estimated soil recoven', based on a linear model using bulk densitv v;iJues,

suggests that appro.ximatek- KX) to 1.30 ve;u-s are necessary for complete loosening to occur for abandoned roads, and that

100 or fewer \ears are necessar\- for complete amelioration of the foundation peripher\- iireas. The wetter towaisite, with

more freeze-thaw davs, finer-grained soils, and greater plant cover, had shorter recoverx estimates. These findings suggest

that die results of human-use impacts in arid areas may still be apparent long ;ilter disturbances cease.

Ki-i/ tcords: soil rccovrn/. soil roinpnrfioii. arid hnuh. Great Basin Desert, g/iosf toiins.

Arid lands are undergoing enxironmental

degradation processes at a rapid rate worldwide

and are being severely disturbed by excessive

soil erosion and salinization (Allen 1988, Goudie

1990). The explosion in human population

levels in the last sexeral decades in arid regions

has been a major cause for land degradation,

especially considering that arid regions are

particularly sensitive to anthropogenic land use

impacts (Goudie 1990). While the greatest

extent of soil degradation has occurred in StJiel-

ian Africa, other arid zones of the world are also

\ulnerable (Goudie 1990).

The arid American West is one such region

where human use impacts liave risen dramati-

cally in the last sexeral decades (Francis and

Ganzel 1984). The increased popularits' of back-

country visits by off-road vehicles, mountain

bikes, backpackers, or horseback riders has had
a considerable impact on the surrounding envi-

ronment, either damaging or altering both the

flora and soils of affected areas (Cole 1983,

1987, 1990, Lathrop 1983, Webb 1983, Prose

andMetzger 1985).

Compaction of desert soils caused bv back-

country activities can decrea.se infiltration rates,

increase nmoff, and impede plant root growth,

which favors further soil degradation processes

(Vollmeretal. 1976, Rowlands and Adams 1980,

Hincklev et al. 1983, Lathrop 1983, Prose et al.

1987, Goudie 1990). While the impacts of back-

countiv activities have been documented over

short time spans (often less than 30 years), little

is known about long-term consequences of

these activities (Knapp 1991). Few studies exist

that document how well a disturbed area recov-

ers following cessation of disturbances, particu-

larly in areas traditionally considered to have

little economic value, such as arid lands.

Recovery processes of compacted soils are

not well understood (Webb et al. 1983, 1986)

and liave been conducted primarily in more

mesic environments (Webb et al. 1983, Knajip

1989). Recovery estimates varv' considerably,

ranging from less than 10 years on Minnesota

forest soils (Thorud and Fris,sell 1976), to 23

years on Idaho forest .soils (Froehlich et al.

1985), to 50 years on forest soils in South Aus-

tralia (Greacen and Sands 1980), and up to 200

years on soils in southwestern Montana (Knap[)

1989).

The few studies that have examined .soil

recoven rates in the arid American West have

been confuuHl to the Mojave Desert (i.e., Webb
and Wilshire 1980, Webb et al. 1983, 1986,

1988, Prose and Metzger 1985). Rates of .soil

recoven from the.se studies of abandoned

mining camps ranged from 80 to 140 years and
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Fig. la. Terrill, ca 1920, looking northwest. Photo by Roly Ham, courtesy Special Collections, University of Nevada,

Reno, Librarv.
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Fig. lb. Terrill, 1990. Photograph I )\ author.

averaged 100 years. Comparable studies have

yet to be conducted in the Great Basin Desert.

Ghost towns abandoned in the earlv twenti-

eth century in the western Great Basin Desert

showcase the long-term effects of soil compac-

tion. Built because of the discovery of valuable

ores such as gold and silver, these towns were

short-lived as the ores became too scarce to

extract profitably (Palier 1970, Carlson 1974,

Shamberger 1974). These towais have been
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Table 1. Cliinatic ;uicl soils data lor tlie hvo selected Great Basin Desert townisites.
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Heinonen (1977) has suggested that the l)ulk

densitv' of soils may decrease to a certain point,

then le\el off without reaching predisturbance

conditions.

Discussion

Soil loosening is dependent upon shrink-

swell, freeze-thaw, and biological acti\it}- pro-

cesses (Larson and Alhnaras 1971, Akrani and

Kemper 1979, Webb 1983, Webb et al. 1986,

Knapp 1989). These processes in turn may be a

function of soil type, climate, and biological

acti\it\. The recover)' times for Terrill and

Wonder show a relationship to all three ot these

processes, with recovery times in Terrill being

longer than those in Wonder.

Soil texture is important because finer-

grained soils are more prone to freeze-thaw and

shrink-swell loosening processes than are

coarser-grained soils (Webb et al. 1986). Fine-

textured soils have more total pore space and

have a higher water-holding capacit\', thereby

pro\'iding the soils of Wonder, that are more
fine-grained than Terrill, more opportunities

for expansion-contraction processes to occur

(Millar et al. 1958). While percentages of clay

mav also be important, particularly if the clay

has a high shrink-swell ratio, total amounts of

clay at the two towns were the same and should

not have a greater effect at one place than at the

other.

Climate plaws an important rc^le in soil loos-

ening processes, particularlv where there is a

high frequency of wetting and drying, freezing

and thawing, or heating and cooling processes.

Three climatic features favor faster soil loosen-

ing processes in Wonder than in Terrill. First,

\V onder is 435 m liigher than Terrill and Wonder
has a shorter freeze-free period by approxi-

mately a month to a month and a half
(J.

James,

Nevada State Climatologist, personal communi-
cation 1991). Second, Wonder lies at the base of

a bowl-shaped depression and receives maxi-

mumcold-air drainage. Typical diurnal temper-

ature contrasts for Wonder range from 22 to 28

C, with the greatest contrasts occurring in the

summer and the least contrast in the winter

(Houghton et al. 1975,
J.

James, personal com-
munication, 1991). Terrill, on the other hand,

experiences a 16.5 to 22 C diurnal temperature

range (Houghton et al. 1975,
J.

James, personal

communication, 1991). These differences in

diurnal temperature range suggest that the

heating-cooling and expansion-contraction pro-

cesses are more pronounced for Wonder Third,

Wonder receiws approximateK twice as much
annual precipitation as Terrill; therefore, the

freezing-thawing and wetting-diving processes

should occur more often in Wonder, facilitating

the soil loosening processes.

Biological acti\it\' through plant root growth

can also ameliorate soil compaction. Cxrasses

and forbs are particularly effective for loosening

of topsoil because they have manv diffuse, shal-

low roots that penetrate the topsoil with subse-

quent minimal increases in soil strength, but

leave behind small channels after the roots die

(Webb et al. 1983). Plants such as shrubs, with

a central taproot, however, cause localized com-

paction around the root, yet have fewer roots

per unit volume and are less effectixe for soil

loosening (Webb et al. 1983). Total plant cover

in Wonder was substantiallv (approximately

20%) greater than in Terrill, especialK* with the

grasses Bromns tectontm and Sitanion Jii/strix,

which both have extensive, shallow root sys-

tems. Therefore, it appears that if soil loosening

can be attributed to biological activity; it would

be more pronounced in Wonder than in Terrill,

although controlled, detailed experiments are

necessai"v for confirmation.

Conclusions

After 75 years of recoveiy, significant dilfer-

ences remain between disturbed and undis-

turbed sites in Terrill as measured by bulk

densitv. Estimates for recoverx based on bulk

densitv' are from 100 to 130 \ears. In Wonder,

after 65 years of recover) , significant differences

remain only between abandoned roads and con-

trol plots. Estimated reco\en- for the aban-

doned road is 100 \ears. These results an^ in

close agreement with similar, previous studies

that examined soil reco\en' times in the Mojave

Desert (e.g., Webband Wilshire 1980, Wehhet

al. 1986) and suggest that the results of soil

compaction processes that occur in arid en\i-

ronments are long-li\('d. but aiv not irreversible.

Ac K NOWL E D CME NTS

I wish to thank the Universit)- of Nevada

Graduate School for funding, Louis R. Loftin

for field and laboratorv assistance, and Diana F.

Thran, Can
J.

Hausladen, and Chris R. Ryan

for comments and suggestions.



154 Great Basin Naturalist [Volume 52

Literature Cited

Akham, M., and \V. D. Kemper 1979. Infiltration of soils as

affected bv die pressure and water content at the time

of compaction. Soil Science Societ\' of America Journal

43: 1080-10S6.

Allen, E. B. 1988. Introduction. Pages l-Ain E. G. Allen,

ed., The reconstruction of disturbed arid lands.

Westxdew Press, Boulder.

Blake. G. R. 1965. Bulk density. Pages 374-390 m C. A.

Black at al., eds.. Methods of soil analysis: part 1,

physical and mineralogiciil properties. American Soci-

ety' of Agronomy, Madison, Wisconsin.

Carlson. H. S. 1974. Nevada place names. University of

Nevada Press, Reno.

Cole, D. N. 1983. Campsite impact on three western wil-

derness tireas. Environmental Management 7: 27.5-288.

. 1987. Recreational impacts on backcountry

campsites in Grand Canvon National Park, Arizona,

USA. En\ironmental Management 10: 651-659.

1990. Trampling disturbance tuid recover)' of

cr\ptogamic soil crusts in Grand Canyon National

Piu-k. Great Basin Naturalist 50: 321-325.

Francis.
J.

G., luid Ganzel, R. 1984. Introduction. Pages 1-22

in
J.

G. Francis ;uid R. G;uizel, eds.. Western public Lmcls:

tlie niiuiiigement of natimJ resources in atime of declining

federalism. Roman luid Allenliead Press, Ottowa.

Froeiilich, H. a., D. W. R. Miles, and R. W. Robbins
1985. Soil bulk density recover)' on compacted sldd

trails in centr;J Idaho. Soil Science Society of America

Journal 49: 101.5-1017.

CxjLDiE, A. S. 1990. Desert degradation. Pages 1-33 in

A. S. Goudie ed.. Techniques for desert reclamation.

John Wiley and Sons, Chichester.

Greacen, E. L.. and R. Sands 1980. Compaction of forest

soils. Australian Journal of Soil Research 18: 16.3-189.

Heinonen. R. 1977. Towards normal bulk density. Soil

Science Society of America Journal 41: 1214-1215.

Hinckley. B. S., R. M. Inerson, ;md B. IUllet 1983. Accel-

erated water erosion in ORV-ase iU'e;is. P;^es 81-96 in

R. H. Webb luid H. G. Wilshiie, eds., EnvironmentiJ

effects of off-road vehicles. Springer- Verlag, NewYork.

Houghton,
J.

G., C. M. Sakamoto, and R. O. Gifford
1975. Nevada's weather and climate. Nevada Bureau
of Mines and Geok)g\', Reno. 78 pp.

Knapp. p. a. 1989. Natural recovery of compacted soils in

semiarid Montana. Physical Geography 10: 165-175.

. 1991. Long-term soil and vegetation recover)- in

five semiarid Mont;uia ghost townis. Profession^ Geog-
rapher 43: 486-499.

1992. Secondar)'pliuit succession and vegetation

recover)' in two western Great Basin ghost towais. Bio-

logical Conservation 60:81-89.

Larson. WE., and R. R. Allmaras 1971. Mtuiagement
factors and natural forces as related to compaction.
Pages ,36.8-427 in K. K. Barnes, W. M. Carleton, H. M.
Taylor, R. I. Throckmorten, and G. E. Vanden Berg,

eds., Compaction of agriculturiil soils. American Soci-

ety of Agricultural Engineers Monograph, St. Joseph.
LaTIIROP. E. W. 1983. The effect of vehicle use on desert

vegetation. Pages 265-277 in R. H. Webb and H. G.
Wilshirc, eds., Emironmental effects of off-road vehi-

cles. Springer- Verlag, NewYork.

Millar. C. E., L. M. IYjrk. and H. D. Forii 19.58. FuiKkunen-

tals of Soil Science. 3rd ed. John Wiley, NewYork. .526 pp.
Miller. W. P., and D. M. Miller 1987. A micro-pipette

method for soil mechanical analysis. Communications
in Soil Science Plant Analysis 18: 1-15.

Okh. H. K. 1960. Soil porosity and bulk density on grazed

and protected Kentuck-x' bluegrtiss range in the Black

Hills. Journal of Range Management 13: 80-86.

Paher, S. W1970. Nevada ghost towns ;uid mining camps.

Nevada Publications, Las Vegiis.

Prose. D. V, and S. K. Metzcer 1985. Recover)' of soils

and vegetation in World War II niilitar\ base camps,

Mojave Desert. Open File Report #8.5-2.34. USGS,
Menlo Park, California.

Prose. D. V, S. K. Metzger. and D. L. Barnes. 1987.

Effects of substrate disturbance on secondary plant

succession; Mojave Desert, California. Journal of

Applied Ecology 24: .30.5-313.

Rowlands, P. G., and Adams,
J.

A. 1980. The effects of

off-road vehicles on soils, vegetation and community
processes: a summary'. Pages 16.5-175 in P. C. Row-
lands, ed.. The effects of disturbance on desert soils,

vegetation and community processes with special

emphasis on off-road vehicles. U.S. Department of

Interior, Bureau of Land M;uiagement, Desert Plant

Staff Special Publication, Ri\ei"side, California.

SAS Institlite, Inc. 1985. SAS Users Guide: statistics. Ver-

sion 5 edition. SAS Institute, Inc., Ctiry, North Carolina.

Shamberger. H. a. 1974. The stoiy of Wonder. Nevada
Historical Press, Carson Git)'.

Stewart,
J.

H., ;md
J.

E. Carlson 1978. Geologic map of

Nevada. USGSand Nevada Bureau of Mines and Geol-

ogy, Reno.

Thorud. D. B., and S. S. Frissell, Jr. 1976. Time changes

in soil density following compaction under an oak

forest. Minnesota Forestry Research Notes No. 257,

University of Minnesota, St. Paul.

Tueller, p. T. 1989. \'egetation and land use in Nexada.

Rangehmds 11: 204-^210.

United States Department of Agriculture —Soil Con-
SERX'.WION Sern'ICE. 1975. Soil Taxonoim-, Agricultural

Handbook No. 486. U.S. Government Printing Office,

Washington, D.C.

Vollmer, a. T, B. G. Maza. P A. Medica. F. B. Ti rner.

and S. A. Bramberg. 1976. The impact of off- road

vehicles on a desert ecosystem. Environmental Miui-

agement 1: 11.5-129.

Webb, R. H. 1983. Compaction of desert soils by off-road

vehicles. Pages 51-79 in R. H. Webb and H. G. Wil-

sliire, eds., Emironmental effects of off-road vehicles.

Springer- Verlag, NewYork.

Webb, R. H., and H. G. Wilsiiire 1980. Recover)- of .soils

and vegetation in a Mojave Desert ghost town, Ne\'ada,

U.S.A. Journal of Arid Emironments 3: 291—303.

Webb. R. H.,
J.

W.Steiger, midE. B. Newman 1988. The
response of vegetation to disturbiuice in Death N'alley

Nation;il Monument, California. USGSBulletin 1793,

U.S. Goveniment Printing Office, Washington, D.C.

Webb. R. H.,
J.

W. Steiger. and H. G. Wilshire. 1986.

Recovery- of compacted soils in Mojave Desert ghost

towns. Soil Science Socieh of America Journal .50:

1.341-1.344.

Wkbb, R. H., H. G. Wilsiiire. and M. A. Henry. 1983.

Natural reccneiy- of soils and xegetation following

human disturliance. Pages 279-302 (;i R. H. Webband

H. G. Wilshire, eds.. Environmental effects of off-road

\ehicles. Springer- Verlag, NewYork.

Z\H
J.

H. 19.84. Biostatistical auiUysis. 2nd ed. Prentice

Hall, Englewood Cliffs, NewJersey.

Received 5 Ati^ust 1991

Accepted 16 April 1992


